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Abstract: Biodiesel is an alternative fuel for conventional diesel that is made from natural
plant oils, animal fats, and waste cooking oils. This paper discusses the producing biodiesel
fuel from algae. Algae range from small, single-celled organisms to multi-cellular organisms,
some with fairly complex and differentiated form. Algae are usually found in damp places
or bodies of water and thus are common in terrestrial as well as aquatic environments. Like
plants, algae require primarily three components to grow: sunlight, carbon-dioxide and
water. Photosynthesis is an important bio-chemical process in which plants, algae, and some
bacteria convert the energy of sunlight to chemical energy. Micro-algae contain lipids and
fatty acids as membrane components, storage products, metabolites and sources of energy.
Algae contain anything between 2% and 40% of lipids/oils by weight.
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1. INTRODUCTION
Biodiesel is renewable energy made available from materials derived from biological
sources. Due to volatile and rising energy prices as well as increasing world wide
energy demond, bioenergy is seen by many nations as an attractive alternative or
addition to meet their current and future energy needs. Many countries accept
biodiesel as a way to diversity their current energy mix, reduce dependency on fossil
fules such as forestry and agriculture crops, biomass residues and wastes already
provide about %14-15  of the worlds primary energy supplies, with the potential to
meet up to half of world energy demands during the next century.
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Microalgae can provide several different types of renewable biofuels. These include
methane produced by anaerobic digestion of the algal biomass (Spolaore et al.,
2006); biodiesel derived from microalgal oil (Dunahay et al., 1996; Sheehan et al.,
1998; Banerjee et al., 2002; Gavrilescu and Chisti, 2005, Chisti, 2007.); and
photobiologically produced biohydrogen (Ghirardi et al., 2000; Akkerman et al.,
2002; Melis, 2002; Fedorov et al., 2005; Kapdan and Kargi, 2006). The idea of
using microalgae as a source of fuel is not new (Chisti, 1980–81; Nagle and Lemke,
1990; Sawayama et al., 1995), but it is now being taken seriously because of the
escalating price of petroleum and, more significantly, the emerging concern about
global warming that is associated with burning fossil The mass production of
microalgae for lipid production has a long history. Prior to the present interest in
producing biofuels to mitigate CO2 release, there had been an extended period of
research interest motivated by security of oil supply. This was initially prompted by
the 1973 oil crisis. Algae have long been known to produce a great variety of lipids,
hydrocarbons and other complex oils. Cultured algae have been used as feeds for
aquaculture applications because of their high content of nutritionally essential
polyunsaturated fatty acids. A further motivation for algal culture has been the
production of high value by-products such as the pigments astaxanthin (a food
colorant and antioxidant from Haematococcus pluvialis) and b-carotene (a food
additive produced from Dunaliella species). These sorts of  production processes
have been in place since the early 1950s, so many aspects of the technology of mass
algal growth may be considered mature. Much historical research has focused on the
lipid composition from either a taxonomic or nutritional standpoint. There is,
however, a sharp difference between the growth of algae for nutritional and for fuel
use. These nutritional products are high value: astaxanthin for example commands a
price in the region of $3 million tonnes 1,7 compared with less than a $1000 tonnes
1,0 for crude oil. Thus the economics are profoundly different. As a result, the
production of biofuels will require a fundamental change in the approaches to
production compared with nutraceutical and aquaculture feed-grade products and
without question fresh, major challenges. Algal biomass can serve as a feedstock for
the production of a variety of different biofuels, e.g. biodiesel, hydrogen, methane
and bioethanol. Furthermore, its production is also being seriously considered for
the removal of carbon dioxide from the flue gases of fossil fuel power stations. In
order to maintain focus, we limit our discussion to the use of algae as feedstock for
biodiesel and biomass production. There have been claims in the literature over
recent years hailing algae as the solution to the global energy crisis.
Microalgae And Their Cultivation System To Produce Biodiesel
75Volume: 2 / Number: 1 / Year:2014
Algae biomass cultivation has four important potentials than other sources. First,
algae biomass can be produced at extremely high volumes and this biomass can yield
a much higher percentage of oil than other sources. Second algae oil has limited
market competition. Third, algae can be cultivated on marginal land, fresh water, or
sea water. Fourth, innovations to algae production allow it to become more
productive while consuming resources that would otherwise be considered waste
(Campell, 2008).
2. POTENTIAL OF MICROALGAL BIODIESEL
Algae can grow practically anywhere where there is enough sunshine. Some algae
can grow in saline water. All algae contain proteins, carbohydrates, lipids and
nucleic acids in varying proportions. While the percentages vary with the type of
algae, there are algae types that are comprised up to 40% of their overall mass by
fatty acids (Becker, 1994). The most significant distinguishing characteristic of algal
oil is its yield and hence its biodiesel yield. According to some estimates, the yield
(per acre) of oil from algae is over 200 times the yield from the best-performing
plant/vegetable oils (Sheehan,1998) Microalgae are the fastest-growing
photosynthesizing organisms. They can complete an entire growing cycle every few
days (Demirbaş and Demirbaş, 2011). Microalgae contain lipids and fatty acids as
membrane components, storage products, metabolites and sources of energy. Algae
present an exciting possibility as a feedstock for biodiesel, and when you realize that
oil was originally formed from algae. As could be seen from Table 1, algae contain
anywhere between 2% and 40% of lipids/oils by weight (Becker 1994).
Producing microalgal biomass is generally more expensive than growing crops.
Though the algal culture that is not cheaper than other, is environment-friendly
form a production. Photosynthetic growth requires light, carbon dioxide, water and
inorganic salts. Temperature must remain generally within 20 to 30 °C. To
minimize expense, biodiesel production must rely on freely available sunlight,
despite daily and seasonal variations in light levels. Microalgal biomass contains
approximately 50% carbon by dry weight (Sánchez Mirón et al., 2003). All of this
carbon is typically derived from carbon dioxide. Producing 100 t of algal biomass
fixes roughly 183 t of carbon dioxide. Carbon dioxide must be fed continually
during daylight hours. Feeding controlled in response to signals from pH sensors
minimizes loss of carbon dioxide and pH variations. Biodiesel production can
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potentially use some of the carbon dioxide that is released in power plants by
burning fossil fuels (Sawayama et al., 1995; Yun et al., 1997). This carbon dioxide is
often available at little or no cost.
Table  1. Algae contain lipid, oil
Crop Oil yield (L/ha) Land area (M ha)
a
Percent of
existing US
cropping area
Corn 172 1540 846
Soybean 446 594 326
Canola 1190 223 122
Jatropha 1892 140 77
Coconut 2689 99 54
Oil palm 5950 45 24
Microalgae b 136900 2 1.1
Microalgae c 58700 4.5 2.5
a For meeting  %50  of all transport fuel needs of the United States
b %70 oil (by wt) in biomass
c %30 oil (by wt) in biomass
Table  2. Oil content of some microalgae
Microalga Oil content
Botryococcus braunii 25-75
Chlorella pyrenoidosa 2
Chlorella vulgaris 14-22
Spirulina maxima 6-7
Spirulina platensis 4-9
Crypthecodinium cohnii 20
Cylindrotheca sp. 16-72
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3. MICROALGAL BIOMASS CULTIVATION AND CULTURE
SYSTEM
Algae biomass cultivation has four important potentials than other sources. First,
algae biomass can be produced at extremely high volumes and this biomass can yield
a much higher percentage of oil than other sources. Second algae oil has limited
market competition. Third, algae can be cultivated on marginal land, fresh water, or
sea water. Fourth, innovations to algae production allow it to become more
productive while consuming resources that would otherwise be considered waste
(Campbell, 2008). Biodiesel derived from oil crops is a potential renewable and
carbon neutral alternative to petroleum fuels. Unfortunately, biodiesel from oil
crops, waste cooking oil and animal fat cannot realistically satisfy even a small
fraction of the existing demand for transport fuels. Microalgae appear to be the only
source of renewable biodiesel that is capable of meeting the global demand for
transport fuels.
3.1. Raceway Ponds
A raceway pond is made of a closed loop recirculation channel that is typically about
0.3 m deep. Mixing and circulation are produced by a paddlewheel. Flow is guided
around bends by baffles placed in the flow channel. Raceway channels are built in
concrete, or compacted earth, and may be lined with white plastic. During daylight,
the culture is fed continuously in front of the paddel wheel where the flow begins.
Broth is harvested behind the paddlewheel, on completion of the circulation loop.
The paddle wheel operates all the time to prevent sedimentation. Production of
microalgal biomass for making biodiesel has been extensively evaluated in raceway
ponds in studies sponsored by the United States Department of Energy (Sheehan et
al., 1998). Raceways are perceived to be less expensive than photobioreactors,
because they cost less to build and operate. Although raceways are low-cost, they
have a low biomass productivity compared with photobioreactors.
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Figure 1. Raceway ponds system
3.2. Photobioreactors
A tubular photobioreactor consists of an array of straight transparent tubes that are
usually made of plastic or glass. This tubular array, or the solar collector, is where
the sunlight is captured (Fig. 2). The solar collector tubes are generally 0.1 m or less
in diameter. Tube diameter is limited because light does not penetrate too deeply in
the dense culture broth that is necessary for ensuring a high biomass productivity of
the photobioreactor. Microalgal broth is circulated from a reservoir (i.e. the
degassing column in Fig. 2) to the solar collector and  back to the reservoir.
Continuous culture operation is used,  as explained above.
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Figure 2. Photobioreactors system
4. COMPRASION OF RACEWAYS AND TUBULAR
PHOTOBIOREACTORS
Table 3 compares photobioreactor and raceway methods of producing microalgal
biomass. This comparison is for an annual production level of 100 t of biomass in
both cases. Both production methods consume an identical amount of carbon
dioxide (Table 3), if losses to atmosphere are disregarded. The production methods
in Table 3 are compared for optimal combinations of biomass productivity and
concentration that have been actually achieved in large-scale photobioreactors and
raceways. Photobioreactors provide much greater oil yield per hectare compared
with raceway ponds (Table 3). This is because the volumetric biomass productivity
of photobioreactors is more than 13-fold greater in comparison with raceway ponds
(Table 3). Both raceway and photobioreactor production methods are technically
feasible. Production facilities using photobioreactors and raceway units of
dimensions similar to those in Table 3 have indeed been used extensively in
commercial operations (Terry and Raymond, 1985; Molina Grima, 1999; Molina
Grima et al., 1999; Tredici, 1999; Pulz, 2001; Lorenz and Cysewski, 2003;
Spolaore et al., 2006). Recovery of microalgal biomass from the broth is necessary
for extracting the oil. Biomass is easily recovered from the broth by filtration (Fig.
3), centrifugation, and other means (Molina Grima et al., 2003). Cost of biomass
recovery can be significant. Biomass recovery from photobioreactor cultured broth
costs only a fraction of the recovery cost for broth produced in raceways. This is
because the typical biomass concentration that is produced in photobioreactors is
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nearly 30 times the biomass concentration that is generally obtained in raceways
(Table 3). Thus, in comparison with raceway broth, much smaller volume of the
photobioreactor broth needs to be processed to obtain a given quantity of biomass.
(Chisti, 2007)
Figure 3. General harvesting of microalgae
Table  3. Comparison of photobioreactor and raceway production methods(Chisti,
2007)
Variable Photobioreactor Facility Raceway ponds
Annual biomass production (kg) 100000 100000
Volumetric productivity (kg m−3 d−1) 1535 0.117
Areal productivity (kg m−2 d−1) 0.048 a
0.072 c
0.035 b
Biomass concentration in broth (kg m−3) 4.00 0.14
Dilution rate (d−1) 0.384 0.250
Area needed (m2) 5681 7828
Oil yield (m3 ha−1) 136.9 d
58.7 c
99.4 d
42.6 c
Annual CO2
consumption (kg)
183,333 183,333
System geometry 132 parallel tubes/unit;
80 m long tubes;
0.06 m tube diameter
978 m2/pond; 12
m
wide, 82 m long,
0.30 m deep
Number of units 6 8
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a Based on facility area.
b Based on actual pond area.
c Based on projected area of photobioreactor tubes.
d Based on 70% by wt oil in biomass.
e Based on 30% by wt oil in biomass
5. RESULTS AND DISCUSSION
There are small numbers of economic feasibility studies on microalgae oil
(Richardson, 2009). Currently, microalgae biofuel has not been deemed
economically feasible compared to the conventional agricultural biomass (Carlsson
2008). Critical and controversial issues are the potential biomass yield that can be
obtained by cultivating macro- or microalgae, and the production costs of the
biomass and derived products. The basis of the estimates is usually a discussion on
three parameters: photosynthetic efficiency, assumptions on scale-up, and on long-
term cultivation issues. For microalgae the productivity of raceway ponds and
photobioreactors is limited by a range of interacting issues.
Biodiesel has great potential; however, the high cost and limited supply of
renewable oils prevent it from becoming a serious competitor for petroleum fuels.
As petroleum fuel costs rise and supplies dwindle, biodiesel will become more
attractive to both investors and consumers. For biodiesel to become the alternative
fuel of choice, it requires an enormous quantity of cheap biomass. Using new and
innovative techniques for cultivation, algae may allow biodiesel production to
achieve the price and scale of production needed to compete with, or even replace,
petroleum (Campbell, 2008).
6. CONCLUSION
As shown that here, microalgal biodiesel is technically feasible. It is the only
renewable biodiesel that can potentially completely displace liquid fuels derived
from petroleum. Economics of producing microalgal biodiesel need to improve
substantially to make it competitive with petrodiesel, but the level of improvement
necessary appears to be attainable. Producing low-cost microalgal biodiesel requires
primarily improvements to algal biology through genetic and metabolic engineering.
Use of the biorefinery concept and advances in photobioreactor engineering will
further lower the cost of production. In view of their much greater productivity
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than raceways, tubular photobioreactors are likely to be used in producing much of
the microalgal biomass required for making biodiesel. Photobioreactors provide a
controlled environment that can be tailored to the specific demands of highly
productive microalgae to attain a consistently good annual yield of oil (Chisti,
2007). Algae are an economical choise for biodiesel production because of algae
availability and usable.In this way algae can be used as renewable energy
resource.Many researchers reported that microalgae might better for higher biodiesel
production.But research has not done yet in this regard. Biodiesel from micro algae
has not economic and practical product system.
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